It has been well established that lagomorphs, rodents, and some larger mammals are important hosts of Rickettsia rickettsii, the causative agent of Rocky Mountain spotted fever (RMsf; 5, 6) . In addition to these animals, it has been suggested (12) that ground-frequenting birds could contribute to the dissemination of the organism by transporting infected ticks, Haemaphysalis leporispalustris (Bishopp), from one locality to another. In North America, many species of birds have been reported to be hosts of this tick (1, 4) and others as Dermacentor andersoni (3) and Amblyomma americanum (1) , which are known vectors of R. rickettsii. The occurrence of these ticks on birds would indeed intimate that birds may be of potential importance in the dissemination of R. rickettssii in nature. Serological evidence of birds naturally infected with R. rickettsii has been reported by others (7) as well as ourselves (16, 17) .
The role of birds in the ecology of tick-borne diseases in the Eastern Hemisphere has been discussed by Hoogstrall et al. (9) .
Although the evidence suggests that birds may be involved in the cycle of R Testing for rickettsiae. At various intervals, 0.5 to 1.0 ml of blood was collected from each bird by cardiac puncture or from a wing vein and was tested for rickettsiae. Tissues were examined for organisms by preparing a 20% homogenate in a sucrose-phosphate-glutamate (SPG) solution (2) . Each blood or tissue sample was inoculated intraperitoneally into two indicator guinea pigs. The rectal temperatures of these guinea pigs were taken at the same time each day for 12 days. Spleen smears of those dying were stained by the method of Gimenez (8) and were examined for rickettsiae. Four weeks after inoculation, the surviving guinea pigs were bled by cardiac puncture to obtain serum for RMsf CF antibody determinations. These survivors were then challenged with 100 guinea pig 50% infective doses (D,6o) of the infecting strain of rickettsia. The criteria used to determine whether inoculated guinea pigs were infected with RMsf rickettsiae were: (i) a sustained rectal temperature of 40 C or higher followed by death and demonstration of the organisms in spleen smears, or (ii) development of CF antibody titers and immunity to challenge with R. rickettsii.
CF antibody responses. At desired intervals ( Heart, lung, liver, spleen, kidney, and brain tissues were removed aseptically, pooled according to the type of tissue, and tested for viable organisms. Rickettsiae were recovered from all tissues on the 1st week, and from all except the heart and lung on the 2nd week. All samples collected on the 4th and 6th weeks were negative.
Rickettsemia in various birds. Five adult chickens were inoculated with 106 ELD50 doses of R.
rickettsii and were checked for rickettsemia at 48-hr intervals for 14 days. The organisms were recovered from the blood of one chicken on the 6th, 8th, and 10th days after inoculation; from one on the 6th day; from another on the 8th day; and from a fourth on the 10th day (Table 1) . No positive samples were collected from the fifth chicken.
The inoculation of 104 or more ELD50 doses ot rickettsiae resulted in the development of a rickettsemia in the 6-month-old pheasants (Table  1) . Organisms were recovered from several pheasants on the 6th and 10th days after inoculation, but not from the same birds on the 8th day. In the adult pheasants, as in the younger birds, the inoculation of both doses of rickettsiae resulted in a rickettsemia which persisted for several days (Table 1) . Three different studies of a possible rickettsemia in pigeons were conducted. In the first study, each of 45 birds was inoculated with 107 ELD50 doses of the SFR isolate; five birds were killed and tested for rickettsemia at 2-day intervals (Table 1) . Rickettsiae were found in one to three of the blood samples at each interval tested between the 2nd and 14th postinoculation day, except for the 8th day, when all samples were negative. Similar results were noted in a second experiment with 40 pigeons injected with 106 ELD5o doses, and the third experiment where 10 birds were infected with 105 ELD5o doses of the organism (Table 1) . Four adult sparrow hawks were inoculated with 107, three adults with 105, and seven 1 to 3-week-old hawks with 105 ELD50 doses of rickettsiae. Only one sample collected from an adult inoculated with 107 ELD50 doses and one from a young hawk were positive on the 6th day. All other samples collected were negative (Table 1) .
Two adult hawks were each fed 7 g of spleen tissue from infected guinea pigs. Rickettsiae were not evident in blood samples collected from these birds on the 2nd, 4th, 6th, and 8th days.
One 3-month-old marsh hawk, six juvenile magpies, and three juvenile ravens were each inoculated with 105 doses, whereas three adult magpies were given 103 ELD5o doses of the organism. Rickettsiae were not recovered from any of the blood samples collected from these birds at the intervals sampled ( VOL. 91, 1966 found to have CF antibody titers of 1:16 to 1:32 during the 2nd and the 3rd week. The antibodies were not detectable by the 5th week.
Symptoms of infection. Throughout the study, none of the birds under study developed any overt symptoms of infection.
DIscussIoN
It is evident, from the limited experimental data presented here, that at least five of the eight species of birds tested developed asymptomatic infections, as indicated by the appearance of rickettsiae in the blood of the apparently healthy birds at various time intervals after the inoculation of R. rickettsii. The persistence of the organisms in the blood of infected pigeons, chickens, and pheasants was similar to that observed in rodents and lagomorphs known to be involved in the cycle of R. rickettsii in nature (12, 13) . Rickettsiae were not observed to persist for more than 1 day in the blood of the sparrow hawks and the red-tailed hawks tested, and were not recovered from any of the samples collected from ravens, magpies, and the marsh hawk.
It is concluded that certain species of birds might become infected in nature and have the potential of providing infective blood meals for feeding ticks, thus establishing a tick-bird-tick or tick-bird-tick-mammal cycle of R. rickettsii, in addition to the transporting of infected ticks, as suspected by Parker et al. (12) .
Several pigeons, one marsh hawk, and one redtailed hawk were the only birds observed to develop spotted fever CF antibody. Chickens, pheasants, magpies, ravens, and sparrow hawks failed to develop antibody that would fix complement in the presence of soluble R. rickettsii antigen, even though many of these same birds were observed to have developed a rickettsemia.
Similar observations on the inability of certain species of birds to produce detectable CF antibody have been reported by others (11, 15) . These observations of our studies confirm these reports and indicate other serological tests should be used in testing bird sera. Our studies on this problem will soon be published.
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